Introduction
This paper investigates the ability of hedge fund managers to time market liquidity.
Specifically, we test whether debt-oriented hedge fund managers adjust market exposure when appreciable changes in market liquidity conditions are anticipated. We focus on liquidity timing for two main reasons. First, there is a clear connection between market-wide liquidity and fund performance. For example, during the 2008 financial crisis, many funds experienced large negative returns since they had to contend with a massive market-wide liquidity squeeze, above normal investor withdrawals, and a simultaneous and persistent stock market collapse. Fund managers could potentially avoid such liquidity-induced losses if they had the ability to reliably predict future market liquidity conditions and adapt their portfolio exposure accordingly. Second, it is clear that hedge funds have great flexibility regarding their choices of investment classes and strategies. Indeed, one of the attractions of hedge funds is precisely the ability to adopt dynamic investment strategies that lead to timevarying market exposure Hsieh, 1997, 2001; Patton and Ramadorai, 2013) . Kessler and Scherer (2011) confirm that hedge funds routinely use a wide variety of financial vehicles and investment strategies specifically tailored to different markets. Nevertheless, irrespective of the asset class, since the highest returns tend to be associated with the highest risk exposures, it is inevitable that many hedge funds adopt strategies associated with investing in (under-valued) assets with low liquidity levels. Obviously, in the absence of a significant degree of market liquidity timing ability, the long-term sustainability of such funds would be highly questionable. Such funds would be entirely unhedged with respect to the major source of risk essential to their investment strategy. Hence, liquidity crises would be a little more than a risky bet that investors would have sufficient above-average returns over an extended period to survive the relatively rare but unavoidable occasions when market liquidity conditions reverse and induce a potentially fatal negative outcome (Kessler and Scherer, 2011) .
The literature on the timing ability of fund managers has traditionally focused on managers' ability to time market returns and/or volatility. The pioneering market timing model is based on the market return timing model of Treynor and Mazuy (1966) , while Busse (1999) documents that fund managers demonstrate the ability to time market volatility by increasing (reducing) portfolio exposure when the market is less (more) volatile and Chen and Liang (2007) develop two models to investigate the joint timing ability of market returns and market volatility. Using the quadratic model of Treynor and Mazuy (1966) and taking into account the estimated costs associated with liquidity constraints, French and Ko (2007) examine whether long-short equity hedge funds exhibit market timing skill. Park (2010) further develops the ideas of these above two papers by dividing hedge fund excess returns into three components: factor timing, asset selection, and the risk premium. However, none of the above three papers find evidence that hedge funds have any meaningful market timing skills.
In contrast, Chen and Liang (2007) report finding that hedge fund managers are able to time market returns and volatility. They also report that hedge funds appear to have the ability to jointly time the first two moments of the return distribution. Cao et al. (2013) produce evidence that equity-oriented hedge fund managers are able to time equity market liquidity. These findings are consistent with those of Chincarini and Nakao (2011) , who find some equity hedge funds have the ability to time the market based on Fama-French size and value factors. Also relevant to the present study are the results of Chincarini (2014) , that quantitative hedge funds, including equity-oriented hedge funds, are significantly better market timers than qualitative funds, making them better overall performers.
Our paper focuses on the liquidity timing skills of debt-oriented hedge funds, an area that has not been previously empirically investigated. The importance of bond market liquidity cannot be over-estimated, especially during periods of financial crisis, such as during the default of Russian GKO government bonds in August 1998, an episode that, according to Khandani and Lo (2011) , widened credit spreads, lowered liquidity, and induced extreme losses upon fixed income arbitrage hedge funds, the best known casualty being Long
Term Capital Management. Indeed, Long Term Capital Management still comprises the seminal case study regarding the importance of anticipating changes in bond market liquidity and of the necessity of hedge funds to adjust portfolios in anticipation of future liquidity conditions.
We investigate to what extent (if any) debt-oriented hedge fund managers have the ability to time fixed income market liquidity by strategically adjusting the underlying fixed income market exposure based on their forecasts of the market liquidity conditions 1 In addition, we note that the bond and equity markets are the two markets most commonly transacted in by the hedge funds. Moreover, the ability to invest with fewer restrictions than mutual funds also allows hedge funds to take positions in sophisticated strategies leading to more refined market timing. Therefore, we hypothesize and test that debt-oriented hedge 1 Other factors have also been analysed on the effects of hedge fund risk and returns in the literature. Sadka (2010) demonstrates that liquidity risk is an important factor in the cross section of hedge fund returns, while Billio et al. (2009) study the effects of financial crises on hedge fund risk and show that liquidity, credit, the equity market, and volatility are common factors. Bali et al. (2011) , however, extend the application to include macroeconomic risk factors, such as the US Consumer Price Index, the monthly growth rate of industrial production, and the monthly percent change in US non-farm payrolls.
funds exploit the co-movements of debt and equity market liquidity as information inputs to time the fixed income market liquidity. Chordia et al. (2005) study the co-movement of debt and equity market liquidity.
They also investigate the liquidity dynamics across the two markets and they find significant correlation between their liquidities, implying possible common driving factors. The authors explain that the implementation of expansionary monetary policies is one such factor, especially in times of crisis. Further findings by Golyenko and Ukhov (2009) reveal that changes in the liquidity of the bond and equity markets are lead-lag related. In essence, the impact of liquidity changes in the equity market then impacts the liquidity of the bond market in a manner which suggestive of a cascade towards increasingly liquid assets (or a flight-toquality). These findings are consistent with the evidence of Chordia et al. (2005) on the relation and co-movement of liquidity between the equity and bond markets.
A distinguishing feature of this paper is that we investigate if debt-oriented hedge funds exploit the co-movements of debt and equity market liquidity as inputs to time fixed income market liquidity. We assume that debt-oriented hedge fund managers observe the comovement of liquidities in these two markets, especially when overall market liquidity conditions change. We further assumed that fund managers then use this information to assist in adjusting the underlying portfolios' exposure in their focus markets 2 . To investigate if debt-oriented hedge funds exploit the co-movements of debt and equity market liquidity, we 2 Chen (2007) provides evidence that hedge fund managers could transact in several markets and shows that, for example, the event-driven Hedge funds category has statistically significant loadings on US stock, non-US government bonds and high-yield bond markets, with the latter having the largest loading. On that basis, Chen defines these markets as the focus markets for event-driven Hedge funds. This implies the likelihood of hedge fund managers trading in more than one market underlying their classified strategies.
first extend the commonly used theoretical model for market timing and then empirically test the debt-oriented hedge fund managers' joint timing ability regarding fixed income market liquidity and equity market liquidity. Our findings, which are robust to data bias, reveal evidence of debt-oriented hedge fund managers exhibiting joint liquidity timing in the fixed income focus market at both strategy category and individual fund levels.
This paper is structured as follows. Section 2 briefly describes the market data and the liquidity measures used. Section 3 presents the main empirical results. Section 4 conducts further robustness tests and investigates liquidity timing ability using the bootstrap approach.
Section 5 concludes the paper.
Data
In this section, we briefly explain the hedge fund data used in the analysis. We also discuss the liquidity measures in the fixed income and equity markets.
Hedge funds
We gather our data on debt-oriented hedge funds from Morningstar, 3 which classifies hedge funds into six broad strategic categories: directional equity, directional debt, event, global derivatives, multi-strategy, and relative value, each of which further includes several sub-categories. In this paper, we focus on all debt-oriented hedge funds which include the 3 Other data vendors are commonly used in the academic research on hedge funds, such as TASS and HFR. Each differs in terms of the number of funds available and the extent of survivorship bias, which is addressed in Section 3.2. Our empirical findings, based on data from Morningstar, are also further bootstrapped for validation purposes (see Section 4.2). It is beyond the scope of this paper to investigate and discuss the differences among these various hedge fund databases. However, interested readers are referred Joenväärä et al. (2013) for more details.
following four sub-categories: long-only debt, long/short debt, debt arbitrage, and fund of fund debt 4 .
The hedge fund returns in this paper are examined using the seven-factor model proposed by Fung and Hsieh (2004) 5 . Table 1 provides descriptive statistics for the data used in the analysis. Panel A shows the average monthly returns on the debt-oriented hedge funds.
These funds report returns net-of-fee on a monthly basis and have average assets under management of at least $10 million following the literature (e.g., Chen, 2007; Aggarwal and Jorion, 2010; Stefanova and Siegmann, 2012; and Cao et al. 2013) . We require each fund to have at least 24 monthly returns to obtain meaningful results 6 , following for example, Eling and Faust (2010) and Stefanova and Siegmann (2012) . Panel B displays the factor data in 4 According to Morningstar (2014) , funds in the long/short debt and long-only debt categories study broad changes and prices in fixed income products. In many cases, the manager will select various fixed income products such as high-yield or emerging market debt to provide a fixed investment stream. Many debt funds leverage their returns to provide larger returns. Unlike debt arbitrage funds, these types of funds tend to have a net long market exposure (Morningstar, 2014) . In particular, the long/short debt category includes funds that primarily adopt directional positions in global debt. Long and short positions are typically independent of each other. The majority of the funds' assets are invested in debt investments, but the fund manager can also include other instruments, such as emerging market debt, US debt, and global debt, along with credit default swaps. The long-only debt category includes long-only debt strategies in performing debt instruments. The strategies include mezzanine financing, private debt, high-yield debt, leveraged debt strategies, and other specialty finance funds. The debt arbitrage category includes funds that seek out pricing discrepancies between various private and public fixed income instruments, usually looking for global opportunities. Portfolio managers in this category primarily invest in fixed income derivative instruments. The fund of fund debt category includes debt funds that have statistically significant betas for at least one debt index or for a credit or duration spread. These funds primarily (50% or greater) derive their directionality from debt-related hedge fund strategies. Debt funds can diversify geographically or can concentrate in a particular region. These funds can invest in strategies other than directional debt strategies, but the systematic risk is dominated by correlations to fixed income investments. See Morningstar (2014) for detailed information. 5 The seven factors include both linear and option-like factors, and have been shown to explain variation in hedge fund returns well. Specifically, these factors include an equity market factor, a size factor, changes in the constant maturity yield on 10-year Treasury bonds, change in the spread between Moody's Baa and 10-year Treasury bonds, and three trendfollowing factors for bonds, currency, and commodities. These are available from http://faculty.fuqua.duke.edu/~dah7/HFRFData.htm and we thank the providers for these data. 6 The arguments about sufficient history (as a sampling requirement) that a fund must have before it can lead to bias are mixed. In the literature, the duration for the sampling requirement varies. For example, Fung and Hsieh (1997) require 36 months of return history before including a fund in their empirical study, whereas Ackermann, et al. (1999) require funds to have 24 months of return history for inclusion in their tests. There is evidence that this bias, if it exists, is very small (Fung and Hsieh, 2000) . Other forms of data bias are discussed in Section 3.2.
Fung and Hsieh's seven-factor model. All the data used for analysis are from March 2005 to December 2012.
[ Table 1 ]
Liquidity measures
The fixed income market liquidity measures we use are primarily based on the work of Longstaff et al. (2005) , who first suggested that the variable for measuring the liquidity premium ought to be the corporate bond spread, that is, the difference between the par yields on a fixed-rate corporate bond and a corresponding fixed-rate government bond with matching maturities. On maturity, the spread reflects only two components: a default component and another residual component that Longstaff et al. (2005) interpret as reflecting a liquidity premium 7 . Gintschel and Wiehenkamp (2009) show that a simple liquidity factor based on the difference between corporate bond spreads and CDS is significantly associated with returns in a wide range of fixed income markets. They also find that the corresponding liquidity premium is time varying but persistent and drives serial and cross-sectional variations in fixed income prices.
We follow the method adopted by Kessler and Scherer (2011) , whose approach was itself based on Longstaff, et al (2005) , to construct the fixed income market liquidity measure.
To do so, we use corporate bond, Treasury securities (as the risk-free asset), and CDX credit spread data. The corporate bond and Treasury securities datasets are obtained from 7 Gintschel and Wiehenkamp (2009) explain that for bond issuers, active markets exist for credit default swaps (CDSs), which are insurance (protection) against the default of a particular reference bond of that issuer. The CDS insures the holder against loss due to the default of a particular reference bond and acts as a good proxy for the risk premium for the default risk. Strictly speaking, the CDS spread is not affected by liquidity concerns and can be used for a bond portfolio as a default risk proxy, while the difference between the bonds and CDS spreads on the same portfolio can be used for the liquidity factor proxy.
Datastream, whereas the CDX credit spreads data are obtained from Thomson Reuters Eikon.
For the corporate bond data, we use the BBB rated BofA Merrill Lynch US Corporate bond for five to 10 years, seven to 10 years and 10 to 15 years. For the risk-free asset, we use Treasury securities of five years and 10 years of maturity, respectively. The CDX credit spreads data are for five-years and 10-years. This results in three fixed income market liquidity measures: LFI10-15Y, LFI7-10Y, and LFI5-10Y 8 .
For equity market liquidity measures, we use the liquidity measure developed by Pástor and Stambaugh (2003) 9 to assess the equity-market liquidity timing ability of hedge fund managers. Panel C of Table 1 summarizes the liquidity measures used in this paper, that is, the Pástor-Stambaugh equity market liquidity measure and the three fixed income market liquidity measures calculated in this paper. Table 2 reports the correlation coefficients of the three fixed income market liquidity measures and the equity market liquidity measure, which are between 0.35 and 0.41, indicating these two markets are related and consistent with the literature on their comovement (Chordia et al., 2005; Golyenko and Ukhov, 2009) . Our paper assumes debtoriented hedge fund managers use information on the correlations of liquidities in the two markets when they forecast the beta of their focus market (the fixed income market in this paper); this is investigated in the next section.
8 These are calculated based on the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bonds for 10 -15 years and the 10-year CDX credit spread (LFI10-15Y), the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bond for seven to 10 years and the 10-year CDX credit spread (LFI7-10Y)-where, due to availability of the seven-year CDX credit spread data, the 10-year CDX data are used instead----and the difference between the BBB rated BofA Merrill Lynch US Corporate bonds for five to 10 years and the five-year CDX credit spread (LFI5-10Y).
[ Table 2 ]
Empirical analysis
In this section, we examine whether debt-oriented hedge fund managers are able to jointly time market liquidity by combining the bond and equity markets at both the aggregate strategy and individual fund levels. We also include the analysis for the period around the 2008 credit crisis and examine the impact of data bias.
Tests of joint market liquidity timing
The joint market liquidity timing (JMLT) model used in this paper is developed from Shanken (1990) , who models the market beta , of a focus market M in time period as a linear function of a fund manager's expected market conditions, that is. , = + ( +1 | ), where captures the fund's average beta, is the market information set available to the fund manager in period , and is the timing coefficient.
Following this general approach, Cao et al. (2013) focus on the equity market and consider an important market condition, the liquidity condition of the equity market, to test whether equity-oriented hedge fund managers have significant liquidity timing ability, that is,
where is the fund's average beta in the equity market. The expression in parentheses represents the manager forecast (i.e. timing signal) using equity market liquidity, with , +1
the measure of equity market liquidity in month + 1. Since it is unrealistic for a timer to have a perfect signal, , +1 denotes a forecast noise, unknown until + 1, that is assumed to be independent with a zero mean. Note that following the market timing literature (e.g. Ferson and Schadt, 1996; Busse, 1999) , the manager's signal is de-meaned by subtracting ´ for ease of interpretation. Cao et al. (2013) adopt the aggregate equity market liquidity measure developed by Pastor and Stambaugh (2003) The seven-factor model proposed by Hsieh (1997, 2004) includes both linear and option-like factors and has been shown to explain variations in hedge fund returns.
To control for fund exposures to other relevant factors when estimating the liquidity timing ability of hedge funds in the equity market, Cao et al. (2013) expand model (1) and use the seven-factor model as the main benchmark model as follows:
where , +1 is the return in excess of the risk-free rate for fund in month + 1. , +1 ( = 6 in this case) denotes all the factors at + 1 other than the equity market factor +1 in the seven-factor model and the coefficient measures liquidity timing ability. A positive timing coefficient is expected since this indicates that the fund has a high (low) beta during good (poor) equity-market liquidity conditions. Cao et al. (2013) explain that this also indicates that the hedge fund manager has liquidity timing skills by increasing (decreasing) the hedge fund's exposure to the equity market prior to the rise (fall) of equity market liquidity.
In this paper, we hypothesize that a debt-oriented hedge fund manager focuses on the fixed income market and forecasts the fixed income market beta using information on both equity market and fixed income-market liquidities as follows:
where , +1 and , +1 are the measures of the equity market liquidity and fixed income market liquidity in month + 1, respectively, and , +1 denotes forecast noise unknown until + 1 that is assumed to be independent, with a zero mean. The manager's signal is demeaned by subtracting the corresponding means ´ and ´ for ease of interpretation.
We substitute Eq. (3) into Fung and Hsieh's (2004) seven-factor model to control the exposure of hedge funds' returns to the other factors and we include the forecast noise , +1
within the error term, yielding the following JMLT model:
where stands for the bond market factor and , +1 ( = 6 in this case) denotes the factors at + 1 other than the bond market factor in the seven-factor model. We wish to test the joint liquidity timing ability for the fixed income focus market based on the JMLT model (4). When the proxy for is suitably chosen such that is positive, both parameters and are expected to be significant and positive if the fund manager has joint timing skill:
these take into account the fixed income market liquidity and equity market liquidity when forecasting the fund's beta. As explained earlier, a positive value of indicates that the hedge fund manager has liquidity timing skills underlying the hedge fund's exposure in the fixed income market. This skill is further used when hedge fund managers also consider joint liquidity with the equity market, as implied by . A positive value of is also expected since this indicates the presence of liquidity timing skills when fund managers increase (decrease) exposure to fixed income market prior to the rise (fall) of the joint liquidity of the bond and equity markets 10 .
We first discuss our findings, which is based on the JMLT model (4) at the aggregate strategy level, by providing a general overview of the liquidity timing ability of debt-oriented hedge funds. To do so, we pool three of the debt-oriented strategy categories-that is, longonly debt, long/short debt, and debt arbitrage (fund of fund debt is not included to avoid potential double counting)-to investigate the average joint liquidity timing ability across these three categories. The results, as reported in the second column of Table 3 in Panel A, where the fixed income market liquidity is measured by LFI10-15Y, show that, after controlling the seven factors 11 , the two timing coefficients λ and μ are positive and significant.
This implies debt-oriented hedge fund managers use information on both equity market and fixed income market liquidities to forecast the fixed income market beta to adjust exposure in the fixed income focus market. We repeat the analysis with two other liquidity measures, LFI5-10Y and LFI7-10Y, to check for robustness. The results in Panels B and C of Table 3 are consistent with those shown in Panel A since they indicate that the joint market liquidity timing ability is not dependent on the choice of the liquidity measure in the fixed income market.
[ Table 3] 10 To ensure is positive (Fung and Hsieh, 2004) , throughout this paper, the proxy for is chosen to be a 'negative monthly change' in the 10-year Treasury constant maturity yield.
11 Fung and Hsieh (2001) consider an eight-factor model in which an emerging market index factor is added to the sevenfactor model. We also substituted Eq. (3) into the eight-factor model to test the joint liquidity timing ability. The empirical results (available upon request) are consistent with those shown in Table 3 .
We next consider each of the three individual debt-oriented hedge fund strategy categories separately, as well as the fund of fund debt strategy. The results of the analysis are reported in columns 3 to 6 of Panel A in Table 3 . From Table 3 , we observe some differences in the findings as compared to debt-oriented hedge funds in general. Controlling for the seven factors, we find the two timing coefficients and are significantly positive at the 5% level for the long-only debt and fund of fund debt strategy categories. This result provides evidence consistent with the contention that hedge fund managers use information on both equity market and fixed income market liquidities to forecast their fixed income market beta and adjust their exposure in the fixed income focus market accordingly. According to Eq. (3), this shows the beta of these funds is positively correlated with both fixed income market liquidity and equity market liquidity conditions. This suggests successful joint liquidity timing where the funds have relatively high (or low) fixed income market exposure in the anticipation that the aggregate financial market liquidity conditions are good (or poor).
Findings from the long/short debt and debt arbitrage hedge funds, however, shows that the managers only use fixed income market liquidity to adjust their forecast for the beta (significant at the 5% level in Panel A), and not joint market liquidity. We again repeat the analysis with two other liquidity measures, that is, LFI5-10Y and LFI7-10Y, to check for robustness. The results in Panels B and C of Table 3 are consistent with those of Panel A in terms of bond market liquidity and joint market liquidity timing abilities, indicating that they are not dependent on the choice of liquidity measures in the fixed income market 12 .
12 As part of the robustness check, we have also investigated the scenario where the liquidity condition in the equity market is not taken into consideration by removing the term +1 � , +1 −´� from the JMLT model (4). This reduces the model to Eq. (2) of Cao et al. (2013) . The findings of the regression analysis (not shown here but available upon request) reveal that the coefficient λ for timing the fixed-income-market liquidity is positive and significant. This implies that hedge fund managers in the fixed-income market have the ability to time the bond market's liquidity.
Long-only debt hedge funds mainly focus on long positions in the fixed income market (about 75% is exposed to fixed income). In light of downside risk protection, a forecast that is based on the liquidity information from both the fixed income and equity markets is more effective than one that solely relies upon data from the fixed income market.
We foresee that the investment of long-only debt hedge funds in the equity market could be one way for these funds to hedge or reduce risks since equity market investments also tend to use similar strategies, such as the buy-and-hold strategy. Such familiarities could help explain why long-only debt hedge fund managers could be drawn towards timing liquidity in both equity and fixed-income markets. In addition, fund of fund debt funds select debt-oriented hedge funds. Thus, the performance of these funds reflects the overall performance of the debt-oriented hedge fund sector, which as seen in Table 3 , indicates a significant element of joint liquidity timing ability. The results relating to long/short debt and debt arbitrage hedge funds reveal that managers have only fixed income market liquidity timing ability. This finding could be due to the nature of the strategies the managers typically adopt, which are generally more flexible and equally capable of being exploited to serve hedging or downside loss reduction. The result would be joint liquidity timing not necessarily being their main approach to reduce risks. Managers could resort to using alternative strategies, for example, volatility timing and/or return timing, which are further discussed in Section 4.
Impact of data bias
In this subsection, we briefly discuss the impact of the data bias, particularly survivorship and backfilling bias. This paper follows the literature to include both live and defunct funds in the analysis. Clearly, if funds exit the database mainly due to poor performance, the inclusion of defunct funds is necessary to mitigate this survivorship bias.
The backfill bias 13 arises because a hedge fund could backfill its historical performance when it is added into a database. To address this bias, we follow Avramov et al. (2011 ), Fung and Hsieh (2000 , and Cao et al. (2013) by discarding hedge funds' first 12 months of returns considering backfill effects. The results are displayed in Table 4 . It can be seen that, even after controlling for this, the analysis still provides results consistent with liquidity timing ability in the fixed income focus market. However, since the analysis requires all funds to have at least 24 monthly returns after their backfill periods, it tilts the sample towards funds with longer histories. This leads to excluding younger funds and funds with short histories from the analysis. Table 5 presents the results for the period after the financial crisis, which is consistent with the findings for the full period 14 and reaffirms the liquidity timing skills of debt-oriented hedge funds. Liquidity in the bond market declined after the recent financial crisis following 13 Other biases such as selection bias are difficult to examine because we do not observe funds that choose not to report to any database. Nevertheless, the literature (e.g. Fung and Hsieh, 1997; Agarwal, et al 2013) shows evidence that the selection bias could be limited. 14 We also analyse the period before the recent financial crisis (prior to July 2007) as Ben-David, et al (2012) do. Our findings do not exhibit any significant liquidity timing ability for this period. The implication may not be conclusive given the short time period. The results could also be attributed to the far few observations used in the regression analysis in this period due to data availability. These results are not presented due to lack of space but are available upon request. [ Table 5 ]
Joint liquidity timing at the individual fund level
Our findings from previous subsections reveal evidence of liquidity timing ability at the aggregate strategy level for debt-oriented hedge funds. To further substantiate this finding, we now investigate if these debt-oriented hedge funds also acquire liquidity timing ability at the individual fund level.
To do this, we conduct analysis at the individual fund level by estimating the regression coefficients using the JMLT model (4) for each fund. The null hypotheses of = 0 and = 0 are tested and the corresponding t-statistic calculated. Due to the large number of hedge funds included in each strategy, we only present the results using the distribution of t-statistics for cross-sectional individual hedge funds' liquidity timing coefficients in the fixed income market in Table 6 .
[ Table 6] 15 See the industry report by, for example, Fidelity Investment (2014).
The numbers in Panels A to C of Table 6 report the percentages of hedge funds with t-statistics of the liquidity timing coefficient that exceed the indicated values.
Overall, Table 6 shows that, for the liquidity timing coefficients and , a substantial portion of hedge funds in each strategy category are associated with a t-statistic greater than 1.28. This provides some evidence of joint market liquidity timing ability at the individual fund level. In particular, for long/short debt and debt arbitrage categories, we see some topranked funds exhibit joint market liquidity timing ability, although there is essentially no evidence of joint market liquidity timing ability averaged across the entire category (as shown in Table 3 ) 16 . Table 6 also reports some hedge funds with t-statistic smaller than -1.28, that is, these hedge funds show negative liquidity timing ability. This suggests that hedge fund managers adjust portfolios' market exposure in the direction opposite to hedge fund managers with successful liquidity timing skills (Cao et al., 2013) . Generally, we can see that the right tails of the distributions of the t-statistics are much thicker than the left tails. Hence, many more funds exhibit successful positive timing ability than negative timing ability. This finding is 16 It should also be noted that the data points used in each regression analysis at the individual fund level are much lower than those used at the aggregate strategy level. For example, we require each fund to have at least 24 monthly returns. Statistically, for some funds with only 24 data points in the analysis, we are less likely to obtain conclusive results. Nevertheless, empirical analysis still reveals some positive results consistent with studies undertaken with respect to the US equity market (e.g. Chen and Liang, 2007) .
Further analysis
In this section, we extend our JMLT model (4) and conduct a further robustness test.
In addition to ensuring that the main results are statistically robust, we re-investigate the joint market liquidity timing ability of hedge funds at the strategy level using the bootstrap approach.
Controlling for market return and volatility timings
This paper focuses on debt-oriented hedge fund managers who use both fixed income market and equity market liquidities to forecast their beta in the focus market. Even so, Chen and Liang (2007) show that hedge fund managers could also use other market information for timing purposes, such as market return and volatility. This leads to the extension of model (3) to the following forecast model for the fixed income focus market:
where market information include market return, volatility, and liquidity aspects; , +1 is the realized fixed income market volatility; and ´ is the corresponding mean. Substituting the above forecast model into the seven-factor model of Fung and Hsieh (2004) produces the following extended JMLT model:
where, as before, , +1 denotes all the factors other than the bond market factor in the sevenfactor model. Following Chen and Liang (2007) , the coefficients and in model (6) measure market return-timing and volatility timing skills in the fixed income market, respectively.
Model (6) is an extension of the model of Chen and Liang (2007) : Here market return and volatility timings are included alongside joint liquidity timing. Model (6) also extends model (4), which focuses only on liquidity timing. Table 7 reports the empirical results for model (6).
[ Table 7 ] Table 7 shows that both and for long-only debt and fund of fund debt categories are not significant. This implies the hedge fund managers in these two strategy categories focus on fixed income market and equity market liquidity conditions for their timings, rather than market return timing and volatility timing. The results also show that the findings on joint timing equity and fixed income liquidity obtained in the previous section cannot be attributed to market return timing and volatility timing skills.
Table 7 also shows that, for the long/short debt strategy category, there is strong evidence of both liquidity and volatility timing ability. The debt arbitrage strategy category exhibits return timing ability in addition to liquidity and volatility timing. The results in Table   7 suggest that including the regressors of return timing and volatility timing does not affect the significance of liquidity timing ability, indicating the robustness of the main results obtained earlier. Interestingly, the results also indicate that, apart from liquidity timing, hedge funds in the long/short debt and debt arbitrage strategy categories also use other timing approaches to manage their investment exposures.
Bootstrap analysis
This subsection conducts a bootstrap 17 analysis on our main findings reported in Section 3.1. We test whether the t-statistics of the liquidity timing coefficients for the actual hedge funds are statistically different from those bootstrapped hedge funds without liquidity timing skills. Regression analysis using a bootstrap approach ensures the results are valid with no normality assumption. We bootstrap the t-statistics rather than the liquidity timing coefficients because the t-statistics are pivotal (Chen and Liang, 2007) .
The bootstrap analysis is carried out as follows. First, for hedge fund returns in a certain strategy category , we run the JMLT model (4). We save the estimated coefficients �^,^, … � and the times series of the regression residuals �^, +1 , = 0, … , − 1�, where denotes the number of monthly returns for the hedge fund category. Next, we randomly resample the residuals with replacements and generate the time series of the residuals �^, +1 � ( = 1,2, … , ). This results in hypothetical monthly excess returns by setting the liquidity timing coefficients to zero, that is,
Next, we estimate the JMLT model (4) and calculate the corresponding t-statistics by employing the hypothetical monthly excess returns , +1 .We repeat this process times ( is set at 10,000) to obtain hypothetical distributions of cross-sectional t-statistics. The p-value for a given statistic is defined as the frequency at which the statistical values of hypothetical hedge funds from time simulations exceeds the statistical value from the actual hedge fund categories.
[ Table 8 ] Table 8 presents the bootstrap analysis results of hedge fund managers' liquidity timing skills in the fixed income market for each strategy category. We obtain the reported pvalues using the bootstrap resampling without imposing a normality assumption. Table 8 shows that the p-values of the two timing ability coefficients are less than 10% for the 'Longonly' hedge fund strategy category. This result further strengthens our findings that hedge fund managers in this strategy category exhibit the ability to jointly time fixed income market and equity market liquidity. Hedge fund managers in long/short debt and debt arbitrage categories, on the other hand, only exhibit the ability to time fixed income market liquidity.
These findings are consistent with those reported in Table 3 . However, for the fund of fund debt category, all p-values in Table 8 are greater than the 10% level.
Conclusions
The ability to invest with fewer restrictions than those confronting mutual funds has allowed hedge funds to take positions in sophisticated strategies, leading to more refined market timing. In fact, evidence of the market timing ability of equity-oriented hedge funds is found by Chincarini and Nakao (2011) and Chincarini (2014) , while Cao, et al. (2013) reveal that equity-oriented hedge fund managers have equity market liquidity timing ability. The 2008 credit crisis sent a clear message on the importance of liquidity conditions in the investment management process, which motivated our paper to focus on the liquidity timing skills of debt-oriented hedge funds, an area not previously subject to academic investigation.
We note that equity and bond markets are the two most commonly transacted markets by hedge funds, an observation that further motivated this exploration into liquidity timing ability and the likelihood of debt-oriented hedge funds exploiting the co-movements of debt and equity markets' liquidities to jointly time liquidities in these two markets. We tested this hypothesis at both the aggregate (strategy) and individual fund levels and also conducted a separate bootstrap analysis to verify our findings.
Our findings show evidence of liquidity timing ability in the fixed income market for all debt-oriented hedge fund strategy categories under investigation. Among these, long-only debt hedge funds managers reveal joint timing ability for the fixed income market liquidity and equity market liquidity, showing that correlation of the liquidities of the fixed income and equity markets provides useful information for the long-only debt hedge fund managers in managing market exposure. For diversifying or reducing downside losses, the equity market is a potential market for long-only debt hedge fund managers to transact in, given that this market largely uses a similar buy-and-hold strategy. Other debt-oriented hedge funds, such as long/short debt and debt arbitrage, appear to be adopting volatility timing and/or return timing, alongside fixed income market liquidity timing, rather than joint market liquidity timing. This could be explained by the flexibility of the strategies they adopt, allowing them to further diversify or reduce downside losses effectively. We also investigated the period after the financial crisis, that is, July 2007 to December 2012. This analysis indicates that expected change in the liquidity condition of the debt market during this period was an important factor in determining debt-oriented hedge fund performance outcomes.
This paper has highlighted the importance of incorporating fixed income and equity market liquidity conditions in regard to debt-oriented hedge fund investment decision-making.
Our findings show that some categories of debt-oriented hedge funds simultaneously possess volatility, return, and market liquidity timing skills and, therefore, these debt-oriented hedge fund managers appear to use a combination of timing strategies in their investment management. The ability of hedge funds to invest with fewer restrictions allows them to adopt sophisticated strategies that include market timing. It would be interesting to study if other strategy-type hedge funds are also able to actively time their markets based on different market information sets. Further investigation of these issues remains an area for future research. Table 1 Summary statistics of the data This table reports the summary statistics. Panel A reports the debt-oriented hedge funds' returns computed from data obtained from Morningstar (2014) , where N is the number of funds that exist at any time during the sample period. Panel B reports the summary statistics of the seven-factor model data (Fung and Hsieh, 2004) , which includes market excess return (EMF), a size factor (SMB), the negative monthly change in the 10-year Treasury constant maturity yield (BMF), the monthly change in the Moody's Baa yield less the 10-year Treasury constant maturity yield (CSF), and three trendfollowing factors, namely, PFTSBD (bond), PFTSFX (currency), and PFTSCOM (commodity). The variable bond market factor, BMF, used is defined as the negative monthly change in the 10-year Treasury constant maturity yield. Panel C reports the summary statistics of liquidity measures, which include Pastor-Stambaugh, the equity market liquidity measure based on that of Pastor and Stambaugh (2003) ; LFI10-15Y, the fixed income market liquidity measure calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bonds for 10-15 years and the 10-year CDX credit spread; LFI7-10Y, the fixed income market liquidity measure calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bonds for seven to 10 years and the 10-year CDX credit spread; and LFI5-10Y, the fixed income market liquidity measure calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bonds for five to 10 years and the five-year CDX credit spread. Table 2 Correlations between the liquidity measures This table reports the Pearson correlation coefficients in the full sample and for the recent financial crisis periods, respectively. The measure of the equity market liquidity Pastor-Stambaugh is calculated based on that of Pastor and Stambaugh (2003) . The measure of fixed income market liquidity LFI10-15Y is calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bonds for 10-15 years and the 10-year CDX credit spread. The measure of fixed income market liquidity LFI7-10Y is calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bonds for seven to 10 years and the 10-year CDX credit spread. The measure of fixed income market liquidity LFI5-10Y is calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bonds for five to 10 years and the five-year CDX credit spread. The numbers in parentheses are p-values. The superscripts *, **, and *** indicate that the correlation is significantly different from zero at the 10%, 5%, and 1% levels, respectively. Table 3 Coefficient estimates of the JMLT model This table reports the coefficients and t-statistics for the JMLT model (4). The first column contains the results combining debt-oriented funds that include the long-only debt, long/short debt, and debt arbitrage strategy categories. The fund of fund debt category is not included to avoid possible double counting. The coefficient measures fixed income market liquidity timing ability and measures equity market liquidity timing ability. The measures of fixed income market liquidity LFI10-15Y, LFI7-10Y, and LFI5-10Y are used in each of the three panels, respectively, where the measure of equity market liquidity Pastor-Stambaugh is calculated based on that of Pastor and Stambaugh (2003) . The measure of fixed income market liquidity LFI10-15Y is calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bond for 10-15 years and the 10-year CDX credit spread. The measure of fixed income market liquidity LFI7-10Y is calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bond for seven to 10 years and the 10-year CDX credit spread. The measure of fixed income market liquidity LFI5-10Y is calculated as the difference between the excess rates of the BBB rated BofA Merrill Lynch US Corporate bond for five to 10 years and the five-year CDX credit spread. The numbers in parentheses are t-statistics. The superscripts *, **, and *** indicate that the coefficient is significantly different from zero at the 10%, 5%, and 1% levels, respectively.
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Long Table 4 Coefficient estimates of the JMLT model, controlling for backfill bias This table reports the main coefficient estimates for the JMLT model (4), controlling for backfill bias. The coefficient measures fixed income market liquidity timing ability and measures equity market liquidity timing ability. The measure of equity market liquidity Pastor-Stambaugh is calculated based on that of Pastor and Stambaugh (2003) . The measure of fixed income market liquidity LFI10-15Y is calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bonds for 10-15 years and the 10-year CDX credit spread. The measure of fixed income market liquidity LFI7-10Y is calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bonds for seven to 10 years and the 10-year CDX credit spread. The measure of fixed income market liquidity LFI5-10Y is calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bonds for five to 10 years and the five-year CDX credit spread. The numbers in parentheses are t-statistics. The superscripts *, **, and *** indicate that the coefficient is significantly different from zero at the 10%, 5%, and 1% levels, respectively. Pastor and Stambaugh (2003) . The measure of fixed income market liquidity LFI10-15Y is calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bonds for 10-15 years and the 10-year CDX credit spread. The measure of fixed income market liquidity LFI7-10Y is calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bonds for seven to 10 years and the 10-year CDX credit spread. The measure of fixed income market liquidity LFI5-10Y is calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bond for five to 10 years and the five-year CDX credit spread. The numbers in parentheses are t-statistics. The superscripts *, **, and *** indicate that the coefficient is significantly different from zero at the 10%, 5%, and 1% levels, respectively. Table 6 Distributions of the t-statistics for cross-sectional individual hedge funds' liquidity timing coefficients This table summarizes the distributions of the t-statistics for cross-sectional individual hedge funds' liquidity timing coefficient λ (Panels A to C) and timing coefficient (Panels D to F) in the JMLT model (4). The coefficient measures fixed income market liquidity timing ability and measures equity market liquidity timing ability. The measure of equity market liquidity Pastor-Stambaugh is based on that of Pastor and Stambaugh (2003) . The measure of fixed income market liquidity LFI10-15Y is calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bonds for 10-15 years and the 10-year CDX credit spread. The measure of fixed income market liquidity LFI7-10Y is calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bonds for seven to 10 years and the 10-year CDX credit spread. The measure of fixed income market liquidity LFI5-10Y is calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bonds for five to 10 years and the five-year CDX credit spread. Table 7 Coefficient estimates of the extended JMLT model
This table reports the main coefficient estimates for the extended JMLT model (6). The coefficient measures fixed income market liquidity timing ability and measures equity market liquidity timing ability. The measure of equity market liquidity Pastor-Stambaugh is calculated based on that of Pastor and Stambaugh (2003) . The measure of fixed income market liquidity LFI10-15Y is calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bonds for 10-15 years and the 10-year CDX credit spread. The measure of fixed income market liquidity LFI7-10Y is calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bonds for seven to 10 years and the 10-year CDX credit spread. The measure of fixed income market liquidity LFI5-10Y is calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bonds for five to 10 years and the five-year CDX credit spread. Coefficients and measure market return timing and volatility timing abilities, respectively. The numbers in parentheses are t-statistics. The superscripts *, **, and *** indicate that the coefficient is significantly different from zero at the 10%, 5%, and 1% levels, respectively.
Panel A: LFI10-15Y
Long-Only Debt 0.765 (2.64***) Table 8 Bootstrap estimates of the joint liquidity timing coefficients This table summarizes the bootstrap analysis results for cross-sectional individual hedge funds. The number of bootstrap simulations for each hedge fund is 10,000. The coefficient measures fixed income market liquidity timing ability and measures equity market liquidity timing ability. The measure of equity market liquidity Pastor-Stambaugh is calculated based on that of Pastor and Stambaugh (2003) . The measure of fixed income market liquidity LFI10-15Y is calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bonds for 10-15 years and the 10-year CDX credit spread. The measure of fixed income market liquidity LFI7-10Y is calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bonds for seven to 10 years and the 10-year CDX credit spread. The measure of fixed income market liquidity LFI5-10Y is calculated as the difference between the excess rate of the BBB rated BofA Merrill Lynch US Corporate bonds for five to 10 years and the five-year CDX credit spread. The numbers in parentheses are pvalues. The superscripts * and ** indicate that the correlation is significantly different from zero at the 10% and 5%, levels, respectively. 
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